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WHAT IS PUEPOSIVE AND INTELLIGENT BEHAVIOR 
FROM THE PHYSIOLOGICAL POINT OF VIEW? 

IF we may speak of the behavior of living organisms as being ruled 
by motives, it is clear that in nearly all instances these motives 
are severely practical in character. Some end favorable to the indi- 
vidual or to the species appears to be held in view; and this end 
must frequently if not usually be attained, otherwise the species 
would not continue to exist. Apparently, the general "purpose" 
of most animal actions is to take some advantage of conditions exist- 
ing in the environment, or to modify the relations between the indi- 
vidual and the environment in some way favorable to the species. It 
is these externally directed actions which form the greater part of 
what is known as "animal behavior," and they represent an im- 
portant, though not the only, means by which the animal adapts itself 
to its environment. Ordinarily we class such actions partly as 
"instinctive," partly as "intelligent"; perhaps their most remark- 
able feature is that they often have reference to a future more or 
less remote — they can not be understood by taking into account 
present conditions alone. This is why they impress us as "pur- 
posive." The "teleological" characteristic of living beings appears 
most conspicuously in this aspect of their life. But from the physio- 
logical point of view it is necessary to reach some purely objective 
or physicochemical definition of the term "purposive" as applied to 
such actions. The concept is clearly one derived from the age-long 
introspective experience of human beings, which shows purpose to 
be essential to effective human action ; and the conception of adaptive 
behavior as being necessarily determined and guided by purpose has 
become firmly fixed in the mind of the race. To most persons, in- 
deed, this conception seems inevitable or even innate ; action directed 
toward a definite end is unintelligible without assuming the existence 
of some underlying purpose. When adopted in the philosophical 
sphere, and applied to the cosmic or evolutionary process as a whole, 
such a point of view leads to a teleological conception of nature ; the 
whole evolutionary process then appears as essentially the expression 
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of purpose; the teleological — the realm of ends — is contrasted with 
the mechanical, as if their natures were inherently disparate, — repre- 
senting, in fact, two distinct tendencies in nature. Accordingly, cer- 
tain thinkers contend that the living organism — that part of nature 
where teleology is most evident — can not be a mechanistically 
actuated system merely. Something else is needed to account for 
its special peculiarities ; and this something is usually assumed to be 
that of which we are conscious in purposive action; the organism is 
then conceived as the expression of a purposive agency, — the ' ' ente- 
lechy" of Driesch and other vitalists. How are we to reconcile this 
idea with the conviction — which becomes more firmly based as physio- 
logical science advances — that the organism, considered as a material 
system in external nature, has no peculiarities that may not ulti- 
mately be accounted for on the basis of its physicochemical constitu- 
tion alone ? 

Physiological science views the organism as a physicochemical 
system of a special kind, peculiar in exhibiting a unique chemical 
composition and a metabolism, and often a high degree of com- 
plexity, but otherwise similar in its properties and modes of opera- 
tion to a non-living system. Can purposive or intelligent action be 
shown to be a possible or even necessary characteristic of material 
systems with the peculiar constitution of living organisms, and pos- 
sessing their characteristic relations to an "environment"? This is 
the question which I propose to discuss in the present paper. My 
procedure and methods of reasoning will be those of objective natural 
science purely; and purposive actions, whether instinctive or intel- 
ligent, will be considered simply as events in external nature, dis- 
regarding their possible conscious or psychic accompaniment. I 
hope to show that action having all of the external marks of purpose 
is not in its general nature something distinctive of living organisms 
alone, but that it is, regarded mechanistically, 1 simply one of the 
many means by which a complex physicochemical system, exhibiting 
a metabolism and preserving an equilibrium with a changing en- 
vironment, maintains its characteristic equilibration. 

First we shall endeavor to define as clearly as possible what is 
meant by the concept of organic "adaptation," and by the term 
"adaptive" as applied to various physical properties, structures, and 
activities in organisms. The substantial meaning of those terms, in 
the physiological sense, can be indicated very simply. Disregarding 
the complex and variable detail always found in special cases of 
adaptation, we find on closer analysis that all adaptive features or 
devices have one property in common — namely, that of furthering 
the continued existence of the species. An adaptation is a species- 

i I. e., as conditioned by physicochemical factors alone. 
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conserving characteristic. An organism is said to be adapted to its 
environment when it exhibits physical properties, structural char- 
acters and activities of such a kind that its development, growth, and 
continued existence in that environment are ensured. Lack of such 
adjustment means early or eventual extinction. The question then 
becomes : what is the nature of the interaction that makes such con- 
tinued existence possible? To answer this question in detail is the 
task of physiological science; but in general the essential peculiari- 
ties common to living organisms, as distinguished from non-living 
systems, may be defined quite simply. First, there is in all organ- 
isms a specific transformation of material and energy, taken from the 
surroundings, into the characteristically organized and active sub- 
stance of the organism; and, second, the organism, once formed, 
exhibits automatic and other activities of such a kind as to conserve 
and perpetuate its own existence and that of the species. That is, 
these activities have as their eventual effect the securing of the 
materials (food, water, oxygen, salts), energy, and other conditions 
(e. g., environmental) which are necessary for the continuance of 
this specific transformation. The latter is carried on automatically 
and independently in each individual. On its chemical side it in- 
cludes the constructive processes of metabolism; by the destructive 
processes, chiefly oxidations, is furnished the energy utilized by the 
organism in its activities. It will be observed that we are here 
considering the organism as the species, — i. e., as the whole succession 
of genetically connected and similar individuals. It is perhaps more 
usual to conceive of the organism as the single individual, which is 
conventionally 2 regarded as beginning its existence with the fertilized 
ovum and ending it with natural death ; but this distinction may be 
regarded as unimportant from the present point of view. The exist- 
ence of the species is apparently unlimited in space and time by 
inherent conditions, while that of the individual is limited, — both 
bodily size and length of life being more or less definite specific char- 
acters ; but otherwise, so far as the possession of living characteristics 
is concerned, no essential distinction need be drawn. I emphasize 
here the conception of the organism as being constituted by the 
species rather than by the single individual, both because there is or 
has been — as a fact — material continuity between all individuals of 
the species, and also because it is important to remember that it is 
the continued existence of the species rather than of the individual 
which is the essential end-result of the organic activities in their 

2 " Conventionally, " — that is, for the reason that the germ-cells from which 
new individuals arise are genetically continuous with the parent organism, and 
it is arbitrary to say definitely when the life of the new individual begins. 
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totality ; for, if this general principle is lost sight of, many highly 
characteristic features of animal behavior become unintelligible. 

In general, therefore, we may class as adaptations all of those 
special peculiarities of form, physicochemical constitution, and be- 
havior whose existence is favorable to the continued existence of the 
individual or the species. We may now make our definition some- 
what more precise. For the sake of simplicity and brevity let us 
confine our consideration to the individual organism during the fully 
developed or adult period of its existence; what is needed for its 
maintenance? Primarily a balance between gain and loss of ma- 
terial and energy — a metabolic equilibrium. The physiological 
processes within the organism proceed automatically under normal 
environmental conditions (of temperature, milieu, etc.) so long as 
the supply of food, oxygen, and other necessary material from with- 
out is maintained ; the external activities or "behavior" of the organ- 
ism, thus, have reference chiefly to meeting this last requirement, i. e., 
to maintaining the necessary supplies. We are supposing that the 
limits of growth have been reached; the essential requirement to 
be met, therefore, is that the supply of food and other necessaries shall 
not fall permanently below the loss. Under these conditions there is 
equilibrium, — balance of constructive and destructive processes — 
and life continues normally. Those external activities which directly 
or indirectly have the effect of maintaining this equilibrium are the 
ones which are characterized as adaptive. Adaptation, as a condi- 
tion characterizing the relations between organism and environ- 
ment, is thus defined with precision; it is simply the maintenance 
of the organic equilibrium; adaptive features of external structure 
or behavior are those which contribute to this end. 

Observation shows that the external behavior of animals is very 
largely regulated by the requirements of this equilibrium. This is 
best illustrated by a concrete example; in all animals we find that 
when the supply of food is decreased below the normal the activity of 
the search for food increases correspondingly; there is increased re- 
activity to food-materials; this is the physiological correlate of 
"hunger"; the chances of securing what is needed to maintain the 
equilibrium are thus increased. The organic equilibrium is thus 
rendered more stable than otherwise it would be. Compensatory or 
regulatory devices of this or similar kind are especially character- 
istic of higher animals ; and it is interesting to note that they have 
numerous analogies in the devices used to control the rate of energy- 
consumption in artificial mechanisms (thermostats, governors, rheo- 
stats, etc.). Not only is the supply of material from outside thus 
regulated, but alterations in the structure of the living system, or 
in its temperature, or in the chemical composition of its tissue-media, 
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may similarly call forth automatic counter-processes (regeneration, 
altered heat-production or heat-loss, anti-toxine production, etc.) 
which tend to restore the normal conditions. Adaptive external 
hehavior thus appears as one out of a large number of regulatory 
processes or activities, all of which play their part in conserving the 
normal equilibrium between organism and environment. General- 
izing more broadly — but without altering the essential significance 
of what has just been said — we reach the conclusion that in any stable 
or well-adapted species the total action of the environment upon the 
organism is exactly counterbalanced by the total activities of the 
organism. The interaction is reciprocal, and normally results in an 
adjustment which renders prolonged equilibrium possible. The com- 
plexity of the processes of adjustment in the organism thus cor- 
responds to the complexity of the environment — i. e., of that part 
of the external world with which the organism enters into relation. 
In higher animals the response is delicate and selective to a degree 
that makes detailed physiological analysis difficult or impossible. 
But in all cases the essential relations between organism and environ- 
ment are similar; there is an interaction involving on both sides 
many components, the integral effects of which on either side are 
typically equal and opposite, and hence result in equilibrium. 

Prom this point of view the case of a higher animal differs only 
in degree of complexity from that of a lower. In general a complex 
and highly integrated system is more subject to derangement than 
one that is simpler; hence, it is not surprising to find that in its 
details the adjustment of higher animals involves the existence of 
regulatory arrangements and activities of a remarkably sensitive 
kind. This is well seen in external behavior. The organism re- 
sponds to even the slightest changes in its environment. It is hardly 
too much to say that in a well-adjusted animal in a complex environ- 
ment every physical event in the immediate surroundings or within 
reach of its distance-receptors calls forth an appropriate response — 
i. e., the compensatory physiological correlate of the environmental 
change. The action of a sparrow in city streets well illustrates this. 
So true is this that a skilled naturalist can deduce much of the char- 
acter of a previously unknown animal 's environment from a study of 
its structural and physiological peculiarities. Each organic feature 
has its complement in some feature of the environment. The com- 
plexity of the organism is thus the correlative or mirror-image of the 
complexity of external nature. 

From such a point of view the organism is to be regarded as a 
physicochemical system of a special kind, exhibiting a dynamic 
equilibrium with its surroundings, i. e., an equilibrium in which two 
sets of processes, one constructive or constitutive, the other destruc- 
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tive or dissipative, balance each other. Many other so-called "sta- 
tionary" systems — characterized by a continual and balanced inter- 
change of material and energy with the surroundings — exist in 
nature; a candle-flame, a vortex, a waterfall are instances; all such 
systems have in common certain definite general characteristics; 
hence, the comparison of a living organism with a vortex or candle- 
flame is traditional, and serves to make clear certain fundamental 
peculiarities of the living condition. One of the most interesting 
general properties of such systems is a certain power of regulatory 
adjustment to changes of condition, i. e., an ability to maintain a 
definite form, constitution, and properties in spite of often extensive 
changes of external or internal conditions ; connected with this pecul- 
iarity is a tendency of such systems to recover the original condi- 
tion after disturbance. This durability of form or properties, in 
spite of continual change of composition, depends on the unchanging 
character or permanence of certain components of the system, in 
particular those which control the inflow and outflow of the material 
and energy constituting it. So long as these relatively stable — usually 
solid or structural — components remain intact, the other substances 
composing the system, and the conditions surrounding it, may change 
within considerable limits without affecting permanently the prop- 
erties of the system itself. Thus the constancy of a candle-flame 
depends on the permanence and uniform properties of the wick and 
cylinder of paraffin and the supply of oxygen ; the permanence of a 
vortex depends on some permanent configuration of the river-bottom, 
and so on. Similarly in the organism some permanent structural 
substratum must be assumed, which conditions in a specific manner 
the character of the perpetual metabolic transformation ; so long as 
this substratum remains essentially unaltered the organism continues 
to "live," in spite of changes of food-supply or of external situation. 
Hence the organism, like a candle-flame or a fountain, tends to 
"right" itself after disturbance. Various analogies may be pointed 
out between the adjustments of inorganic systems of this class and 
the adaptive responses of animals, but it is unnecessary here to dwell 
on these in detail. It is, however, important at this stage in the dis- 
cussion to recognize the general resemblance between such systems 
and living organisms ; for many of the activities of the latter depend, 
in the last analysis, upon their having the general properties of 
physicochemical systems of this class. 

We shall now consider more particularly the case of the living 
organism. For our present purpose we may divide the adaptive 
characters conveniently into two classes, (1) those having regard to 
the stability of the conditions within the organism itself (e. g., special 
physiological functions like secretion, or special structures like the 
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heart-valves, etc.) and (2) those having regard to the stability of the 
relations between the organism and the environment. The second 
class form the subject of our immediate consideration; they include 
the various external adaptations — those which are directly concerned 
in the interactions between organism and surroundings. These may 
again be divided into two groups, first, those adaptive characters 
which may be described as static, consisting in various permanent 
peculiarities of form, color, or other physical property or structure 
(such as specific gravity in fishes, covering of feathers in birds, etc.) ; 
and, second, active adaptations, including all of the active responses 
which the organism makes in adjustment to changes in its environ- 
ment. Instinctive and intelligent actions of all kinds belong in this 
second sub-class, which forms the chief subject of the present dis- 
cussion; but since all such adaptive reactions exhibit certain gen- 
eral characteristics whose physiological significance is best made 
clear by a consideration of the static class of adaptations, we shall 
first consider the latter in some detail. 

In all organisms part of the adaptation to environment depends 
on purely static conditions, which involve no external activity, either 
instinctive or intelligent, on the part of the organism. In such cases 
the external condition to which the organic adaptation has reference 
is to be regarded as constant, i. e., as exerting its influence con- 
tinually; it is a permanent feature of the normal environment, so 
that a permanent and relatively unchanging organic adjustment is 
sufficient to preserve the balance. This may be best illustrated by 
reference to one of the most general and constant physicochemical 
peculiarities of living cells. Consider, for instance, the cells of 
marine organisms; these are typically bathed by a medium which is 
either sea- water or has the essential composition of sea-water; obvi- 
ously such a medium has a widely different composition from living 
protoplasm; and since protoplasm consists largely of crystalloid 
substances in a state of solution, it is evident that if free interchange 
of diffusible substances were possible the living system could not 
long retain its distinctive composition. This constant tendency to 
diffusive interchange is met by a simple compensatory physiological 
condition. The living cell is typically enclosed by a membrane or 
surface-film, the plasma membrane, which is impermeable to the 
diffusion of the majority of soluble substances contained in the cell 
and its medium. This "semi-permeability" of the plasma-membrane 
insulates the living system from its surroundings, and enables it to 
retain permanently its characteristic chemical constitution with the 
associated vital properties. Loss of material from the cell by dif- 
fusion is thus greatly retarded, if not entirely prevented ; at least it 
is reduced to such a degree that little if any intake from the sur- 
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roundings is required to compensate the loss of essential cell-con- 
stituents by diffusion. The maintenance of a balance between supply 
and loss thus requires the expenditure of far less energy than would 
otherwise be the case. Interchange of material is in effect restricted 
to food and excretory substances, which are probably transported 
across the cell-boundary by some special physiological mechanism 
which acts intermittently. In brief, the disintegrative effects of 
diffusion upon the living system are prevented by the presence of a 
diffusion-proof partition. Some other cases illustrating the same 
general principle may be cited. The devices for preventing evapora- 
tion or loss of heat in terrestrial or warm-blooded animals furnish 
good illustrations. Terrestrial organisms, both animals and plants, 
are subject to continual loss of water by evaporation; this loss is 
limited by the presence of the general outer integument, which is 
typically waterproof to a high degree. It is important to note that 
in this case the condition is not purely static ; the rate of evaporation 
varies with temperature and atmospheric conditions, and in cor- 
respondence with this we find that the skin of higher animals, or the 
epidermis of plant-organs like leaves, shows considerable variability 
in its power to resist loss of water. To the variability of the milieu 
corresponds a variability of the correlative organic structure; this 
kind of correspondence is highly typical of organisms, as already 
pointed out, and constitutes the second of the two aspects of adapta- 
tion defined above. The two, in fact, nearly always occur in intimate 
association with each other. Thus the plasma-membrane, though 
typically semi-permeable as just described, does not always act 
merely as a passive diffusion-preventing partition, but exhibits varia- 
tions in its permeability, thus enabling the necessary interchange of 
materials to take place. A similar combination of static and active 
adaptive devices is found in the thermo-regulatory mechanisms of 
warm-blooded animals. Here the loss of heat is limited by the slowly 
conducting integument, so that normally the heat lost is balanced by 
that generated by oxidation within the body. In general the integu- 
ment is the more efficient as a thermal insulator the greater the 
average difference of temperature between body and surroundings. 
This static arrangement is supplemented by various active mechan- 
isms, which control the rate of evaporation from the skin, its blood- 
supply, the position of hair and feathers, rate of respiration, general 
muscular activity, and so on. Similarly, the provisions for balancing 
the supply and consumption of oxygen are partly static, although 
the static factors are relatively less important, especially in higher 
animals, where the oxygen-requirements vary widely according to the 
activity of the animal; nevertheless in all animals with respiratory 
organs the latter function continually, though at a rate which varies 
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with conditions and is subject to automatic regulation — usually 
through the influence of the chemical composition of the blood upon 
the respiratory motor mechanisms. 

We may assume that analogous permanently acting arrangements 
would have been evolved to provide for the supply of the other chem- 
ical substances needed by animals, as food, salts, and water, were it 
not for the irregular distribution of such substances in nature. This 
has led to the development of various special activities and instincts ; 
and it is chiefly by means of these that the necessary balance is se- 
cured. This statement, however, applies only to higher organisms; 
in those which obtain their carbon and nitrogen from a medium in 
which these elements are everywhere present in assimilable form — 
as is the case with most plants and a few animals — the process of 
intake is unintermittent (at least during light), and permanently 
acting devices suffice to preserve the equilibrium. Thus in green 
plants the carbon dioxide which enters the leaves is assimilated by a 
constantly acting photosynthetic process as rapidly as it enters ; such 
an arrangement may be described as static in the present sense. 

One static condition which is more generally looked upon as a 
special adaptation of a peculiarly vital kind is the protective colora- 
tion exhibited by so many animals ; here we have a condition which 
is a factor in conserving the equilibrium between species and en- 
vironment because it renders less appreciable to enemies the differ- 
ence between the organism and other objects in the environment. 
The fact that insectivorous animals are in general indifferent in 
their behavior toward leaves, twigs, and similar objects, makes a re- 
semblance to these a condition favorable to survival. Here the 
similarity to a physically balanced condition is less evident; yet in 
its essentials the situation is fundamentally similar to those already 
considered. The protective resemblance is the correlate, in the or- 
ganism, of a certain constant condition in the environment, namely, 
the existence of a selectively acting agency, the activity of food- 
seeking animals, which is always at work to destroy edible forms of 
life. The condition for the effective operation of this agency is that 
the difference between edible and inedible objects should be ap- 
parent to the predatory species. Hence, when this difference is ob- 
scured the process of destruction is checked, and when the balance is 
reached the protected organism is more numerous than it would 
otherwise be. Protective resemblance in any organism is thus the 
compensatory physiological correlate of a certain definite environ- 
mental condition which tends constantly to diminish the numbers 
of the individuals forming the species. 

The most constant general features in the geometrical form and 
external symmetry of animals can similarly be shown to be static 
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adaptations in the above sense, i. e., species-conserving characteris- 
tics whose correlative is some constant peculiarity of the environ- 
ment. Thus sessile organisms (e. g. plants, hydroids, actinians, 
corals, etc.) tend to exhibit a radial symmetry; that this condition 
is essentially an adaptive one may be seen from the following con- 
siderations : To a stationary animal in a stationary environment, e. g., 
a coral or a sea-anemone, the external space-relations are sym- 
metrical; such an organism is living in a medium from which sup- 
plies are equally likely to reach it from all sides; to this environ- 
mental condition corresponds an organic symmetry which makes no 
distinction between directions; the structural parts are so disposed 
that the receptive organs (tentacles, etc.) reach out in several di- 
rections of space, typically separated by equal angles, converg- 
ing toward the central mouth. The precise number of radii varies, 
as is well known, and was probably determined originally in the an- 
cestral organism that fixed the type by partly casual conditions, hav- 
ing reference to economy of material, etc. In radiate organisms 
as we now find them (including plants as well as animals) the num- 
ber of radii appears in general to be smaller the smaller the body-size ; 
in organisms with a wide spread, like trees, secondary radii appear, 
and a dichotomously branching system develops, which is charac- 
teristically symmetrical; i. e., the relations of the organism to the 
different directions of space are alike. This arrangement is the cor- 
relate of the fact that in their physiological relations, i. e., as possible 
source of food material or other supplies, all regions of space are 
alike to such an organism. 

Very different conditions are found in locomotor organisms ; here 
antero-posterior differentiation, usually combined with bilateral 
symmetry and dorso-ventrality, is the rule. In what does the adapt- 
iveness of this characteristic morphological plan consist? The gen- 
eral adaptiveness of antero-posterior differentiation in a motile ani- 
mal consists simply in this, that when such an animal moves for- 
ward the external effect, so far as the animal is concerned, is the 
same as if all objects in the surroundings situated in advance of the 
animal (except those moving faster than itself) were to move toward 
its anterior end; similarly those situated behind move, relatively 
speaking, away from its posterior end. It is thus plainly advan- 
tageous to such an animal that its food-receptor organs — i. e., mouth 
with the associated prehensile apparatus and the reflex arcs operat- 
ing this — should be situated in advance, where external objects, in- 
cluding food, are (relatively speaking) approaching it rather than 
behind where they are receding from it. For the same reason the 
reflex arcs, with the associated special sense organs, controlling the 
locomotor apparatus, are situated anteriorly. The relations of such 
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an organism to the environment are evidently more favorable to the 
maintenance of a balance between supply and loss than would be the 
case with any other arrangement. The physiological space-relations 
in a moving organism are, in fact, asymmetrical in this constant 
sense, and to this environmental asymmetry corresponds the con- 
stant asymmetry of morphological plan characteristic of motile ani- 
mals. 

The differentiation into similar right and left halves is, in part, 
an indirect consequence of antero-posterior differentiation; but this 
alone is not sufficient to account for the condition, as we see in the 
case of many spirally swimming animals with well-pronounced an- 
tero-posteriority, like infusoria and rotifers, where bilateral sym- 
metry is absent or obscured. Typically it is found associated with 
dorso-ventrality ; the existence of this last condition, however, is 
ultimately to be referred to the action of gravity; gravity makes 
the relations up and down, though similar in a purely spatial sense, 
physically unequal, and occasions a corresponding inequality between 
upper and lower in organisms, as in all other physical systems sub- 
jected to its influence. This influence has acted gradually but con- 
stantly, and has determined the evolution of organic forms with the 
characteristic correlative or compensatory peculiarities. We find that 
external dorso-ventral differentiation is most pronounced in animals 
living on the land or on the sea-bottom ; in pelagic animals it is in 
general less evident or absent. It seems probable that the condition 
originated in shore-living or bottom-living forms ; it is obvious that 
supporting or locomotor structures (legs) acting by pressure or im- 
pact against a horizontal substratum like the land or sea-bottom are 
best placed, from the standpoint of mechanical effectiveness and 
economy of material, not when they are distributed uniformly over 
the whole body-surface, but when they are confined to a certain 
portion of this surface, corresponding apparently to that region 
which at any one time can be opposed to the substratum; this sur- 
face is thus defined as ventral. The dorso-ventrality of walking and 
flying animals is thus the physiological correlate of the general fact 
that their movement depends largely on the equal and opposite re- 
action of their bodies to pressure exerted in a prevailingly down- 
ward direction against a supporting medium or substratum. It is 
interesting to note that in swimming animals like fishes, which are 
supported by immersion in a medium of their own specific gravity, 
external dorso-ventrality is in general much less pronounced than in 
terrestrial or bottom-living animals. 

The condition of bilateral symmetry has an intimate relation to 
both dorso-ventrality and antero-posteriority. Given these two con- 
ditions, it is clear that simple mechanical requirements will necessi- 
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tate the equal and symmetrical placing of locomotor organs on either 
side of the long axis. Otherwise any definitely directed forward 
locomotion will be impossible, or at least will be effected with 
difficulty,— i. e., with disproportionate and wasteful expenditure 
of energy. Obviously this would be the case if the majority of 
walking or swimming appendages were situated to one side of 
the long axis. Constant shifts of position and direction of action 
would then be needed to propel the animal in a straight line. 
It is evident that any single push from a locomotor appendage 
against the substratum must inevitably cause some lateral deviation 
of the whole animal unless the action is exactly in the direction of 
the long axis. But with two equal and similarly placed appendages 
on opposite sides of this axis, the transversely directed component 
of the one action is compensated by the equal and opposite com- 
ponent of the other; random lateral displacement as well as rota- 
tion about the long axis is prevented. Bilateral symmetry of loco- 
motor appendages is thus an advantageous arrangement for defi- 
nitely directed forward locomotion; its general " adaptiveness " is 
thus evident from what has been already said about the essential 
physiological significance of antero-posterior differentiation. Bi- 
lateral symmetry in the locomotor apparatus will necessitate di- 
rectly or indirectly bilateral symmetry in the remainder of the or- 
ganization. 

It thus appears that the fixed structural plan of the great major- 
ity of animals with reference to the three dimensions of space repre- 
sents in reality an essentially adaptive or species-conserving corre- 
spondence to the most constant general features of the environment 
— those which are fixed and invariable in the very nature of mundane 
things — i. e., the geometrical and the gravitational. It will be ob- 
served that there is only one plane of symmetry in such an animal, 
the sagittal — that including the direction of normal locomotion and 
dividing the body into equal right and left halves. It is also essen- 
tial to note that the environment — i. e., the external world in its 
relation to the animal — although it may have innumerable planes of 
symmetry when the animal is at rest, also has only one plane of 
symmetry when the animal is moving forward. This may be seen 
more clearly if we imagine the environment to be moving continually 
in one direction and the organism stationary, as, e. g., in the instance 
of a water-plant attached by one end, or a fish maintaining a constant 
position in the centre of a running stream. Here the organism tends 
automatically to place itself with its sagittal plane parallel with 
that of the current ; 3 the two sides of the organism are then equally 

3 J. e., the median vertical plane of the current parallel to the direction of 
flow. The rheotropic reactions of fishes illustrate this tendency. 
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acted upon by the environment. In no other position is this the 
case. Now it is to be noted that the direct effect of the moving en- 
vironment on such an animal (e. g., a fish) is physically the same as 
if the animal were moving straight forward and the environment 
stationary. The two sides are equally acted on by the environmental 
conditions; anteriorly, however, these conditions are different from 
what they are posteriorly, and above from what they are below. 
The only symmetrical relations are the lateral, or right and left rela- 
tions. If we now consider the environment as stationary and the 
organism as moving forward, the essential relations between or- 
ganism and environment are seen to be the same. As already 
pointed out, the regions toward which such an animal is moving are 
quite differently related to it from those away from which it is mov- 
ing; the regions above (i. e., away from bottom) are different from 
those below (toward bottom). Only right and left are similar. 
The morphological similarity of right and left halves thus corre- 
sponds to the similarity in the right and left halves of the environ- 
ment of the moving animal. When the latter moves forward it 
creates, as it were, a plane of symmetry in the environment corre- 
sponding with its own plane of symmetry. 4 

This analysis is not complete, 5 but it is probably sufficient for 

* Any one can convince himself experimentally of this by contrasting the 
environmental conditions of a boat floating at rest — which are the same on all 
sides — with those of the same boat moving forward at high speed; the differ- 
ence between fore and aft then becomes sufficiently evident; the whole environ- 
ment (in its relation to the moving object) is seen to be divided into symmetrical 
right and left halves, separated by the vertical plane which includes the direc- 
tion of motion. Thus the bilateral symmetry of a motile organism corresponds 
to the bilateral symmetry of the environment in which it moves, — and which may 
be regarded as moving relatively to it. The reciprocality in the relations be- 
tween organism and environment could scarcely receive a better illustration. 
Lack of bilateral symmetry in a moving organism would, in fact, interfere with 
locomotion in a straight line. This principle applies to moving bodies gen- 
erally; this is why boats, carriages, flying-machines, etc., are bilaterally sym- 
metrical. The biological advantage of being able to move readily from one 
region to another in a straight line is that the change of position is effected 
with the least possible expenditure of energy. Economy is an important con- 
sideration to an organism engaged in the struggle for existence. 

s The explanation of dorso-ventrality may be criticized as not taking suffi- 
cient account of the conditions in organisms like fishes and other swimming 
animals; but the fact is that in general dorso-ventrality is much less pronounced 
in these animals — at least externally — than in animals that are supported on a 
solid substratum. In other words, as the external conditions above and below 
approximate to equality, the organic conditions do the same. The contrast 
between bottom-feeding and pelagic fish and mollusca emphasizes this; contrast, 
e. g., a darter with a flounder, or a limpet with a squid. Of course if a condi- 
tion of dorso-ventrality and bilaterality has once been reached in any ancestral 
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the present purpose, which is to show that the permanent features 
of an organism's constitution exhibit a definite correspondence with 
the permanent features of its normal environment. And, further, 
that this correspondence is of such a kind as to favor the continued 
existence of the organism in that environment. We shall now see 
that the same is true with regard to the changing features of the en- 
vironment. The general principle of adjustment is the same; the 
external activities or behavior of the organism show a constant corre- 
spondence with the environmental changes, and are in general com- 
pensatory in their effect ; i. e., they also tend to offset or equilibrate 
the disintegrative influences which the environmental conditions in 
general exert upon the organism, — in other words, have the effect 
of furthering the continued existence of the species in that environ- 
ment. 

In adaptations of this second class, the so-called "active" adapta- 
tions, conditions become more difficult of analysis. The simplest 
cases are, perhaps, the ordinary reactions of food-taking. In most 
animals there is a selective response to edible as distinguished from 
inedible objects ; in many cases the basis of this response is a simple 
chemically actuated reflex ; thus in the simplest metazoa, e. g., Hydra 
or actinians, the tentacles react to the contact of food particles by 
capturing and conveying these to the mouth, but show no response 
to indifferent objects like pieces of paper. The food-carrying reflex 
is initiated by certain chemical substances usually contained in the 
food; a reflex arc terminated by special "chemo-receptors" forms 
the physiological mechanism. Such a reaction can hardly be called 
an instinct,, since it is shown by detached tentacles as well as by 
those connected with the intact animal. Yet it is plainly adaptive, 
i. e., ministers to the survival of the organism. What has such an 
action in common with instinctive or intelligent behavior? 

In intelligent action the quality of "purpose" appears always to 
enter; there is conscious reference to the future; the present action 
so alters the conditions that future needs are met. This last is 
true also of most instinctive actions; only here there is no certain 
evidence of any conscious accompaniment. Both kinds of action 
must for our present purpose be considered as events of a purely 
physiological kind. What is the nature of the physiological mech- 
anism that renders such action possible ? 

Now it may be said that a food-taking reflex is a "purposive" 
action (using the word in its purely objective connotation) since it 
has the effect of securing for the organism a supply of energy which 

line, the descendants will tend to exhibit these characters, independently of en- 
vironmental conditions, by virtue of the general principle of persistence or repe- 
tition so characteristic of organisms. 
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is utilized for future needs; in this sense, indeed, any action which 
provides for the continued existence of the organism may be called 
purposive. But the term as ordinarily understood typically has ref- 
erence to some special future contingency not present at the time, 
and for which some definite preparation is made in advance. In- 
terpreting the term in this sense, let us consider a few examples of 
purposive behavior in animals. 

Instincts which seem to imply foresight are innumerable. Prob- 
ably the most striking instances are those which relate to the perpetua- 
tion of the species. Here the organism acts in such a way that the 
future existence of its species is furthered, even though its indi- 
vidual life is sacrificed, as in fact is often the case. In general, all 
of the instincts centering on reproduction have directly or indirectly 
the effect of securing conditions favorable to the development of the 
fertilized egg up to a stage at which the new generation can care for 
itself. The instincts leading up to and connected with pairing all 
have this future reference; so, also, have those connected with the 
care of the young. If these acts are carried out in a certain definite 
way in each generation the continued existence of the species under 
the normal environmental conditions is ensured. Using more gen- 
eral terms, therefore, we may say that the ultimate effect of such 
actions is to maintain the equilibrium of the organism with external 
nature ; they belong in the general class of regulative reactions, i. e., 
those which either continually or at intervals compensate or correct 
deviations from the balanced condition; they provide for the per- 
sistence of the organic equilibrium, i. e., of the species. The complete 
analysis of purposive instincts of this kind is, however, too complex 
for the present purpose, and it is better to select simpler for illus- 
tration. 

Many animals in temperate zones make in the autumn or through- 
out the year special provision for passing the winter. Progs hiber- 
nate, many birds fly south, squirrels collect stores of food, various in- 
sects such as bees do the same, others construct cocoons, cysts, or 
burrows in which they or their larvae lie dormant during the cold 
period. The intelligent provisions made by human beings may also 
be classed here. How are these various reactions to be regarded from 
the physiological standpoint? It is first to be noted that all show 
one evident common characteristic. They may be regarded as pro- 
tective reactions having reference to a certain definite and regularly 
recurring situation in the external world, namely, the coming of a 
prolonged period in which temperature is low and food is scarce. 
The behavior is such as to secure survival in the face of these changed 
conditions. Now what is especially to be noted is that in every one of 
the above cases the characteristic behavior, which has reference to 
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the whole situation, is called forth or initiated by only a part of the 
same, and often a quite inconspicuous part. Thus swallows respond 
to the advent of the chilly days of early autumn by gathering in 
flocks and flying south. The migration is an adjustment to the entire 
situation just defined, not simply to the external change which ini- 
tiates the characteristic sequence of behavior ; the immediately incit- 
ing occasion, the change of weather in autumn, requires in itself no 
special adjustment. But the connection between this change and the 
coming of winter is constant; in reacting thus to a part of the situa- 
tion the animal in reality is adjusting itself to the whole. 

In all instinctive actions which have future reference we find 
this to be the case ; the action has reference either to the whole situa- 
tion, or to a part of the situation which is not present at the time the 
reaction is begun; typically the reaction is set in motion by only a 
part, and often an insignificant part, of the whole external sequence 
of events ; 6 but this part constitutes a sign or index of what is to fol- 
low ; and it is to some part of this succeeding condition that the ani- 
mal adjusts itself; this it does by beginning a reaction or series of 
reactions which in its early stages may seem to have no reference 
whatever to the situation in which it finds itself at the time. Such a 
reaction is unaccountable by reference to the present alone, and 
hence impresses human observers with a sense of purpose or conscious 
foresight. But it is clear that nothing of the kind is necessarily 
implied, any more than intelligent caution is implied in the behavior 
of a boiler which lifts its safety-valve when the steam-pressure ap- 
proaches the danger-point. In both cases there is a permanent mech- 
anism 7 which gives a definite response to a certain change of situa- 
tion. This response provides against a future contingency. What is 
remarkable is that the conditions of the action and its ultimate effect 
are exactly what we should expect them to be if the whole situation 
were under the observation and control of some intelligent purposive 
agency. "What are the conditions in the organism and in external 
nature that render possible such successful anticipation ? 

On closer examination such an instinctive action, though complex, 
is seen to have all of the characteristics of a simple protective or 
food-securing reflex, as regards both the conditions under which it is 
aroused and its ultimate effect on the life of the animal itself or of its 

6 1, e., by some constant precursor of the situation which the reaction is 
adapted to meet. 

t We are not now considering just how this mechanism came into existence. 
Of course the safety-valve is a product of purposive intelligence. But such 
intelligence has a physiological basis, or at least correlate, the nature of which 
we are about to discuss; hence both kinds of devices are ultimately of physio- 
logical origin. 
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species. In every case of a purposive instinct we find the organism 
reacting in a constant manner to a condition that recurs with con- 
stancy. The case differs from the direct reaction to the presence of 
food-material only in its complexity, and in the fact that the total 
situation to which adjustment is made takes time to develop, and, 
hence, an essential part of the reaction involving adjustment is made 
in advance. Thus the spider reacts to the conditions into which it is 
born — namely, a world with corners, branches, and crevices, and a 
certain concentration of flying insects — by constructing a web and 
lying in wait ; the essential end-result of this — the species-conserving 
or equilibrating consequence — is the securing of food. The digger 
wasp responds to the presence of fertilized eggs in its oviduct by dig- 
ging a hole, stinging a caterpillar on the ventral surface — which 
quiets without killing the prey — placing the victim in the hole, and 
laying eggs upon it. Here the sequence is more complex, but it is 
none the less constant, and corresponds to a similarly constant com- 
bination of conditions in nature, — namely, presence of caterpillars 
with ventral nerve cord, constant properties of the wasp 's own eggs 
and larva?, a certain consistency of soil, etc.; the eventual outcome 
of the behavior-sequence is also constant, namely, the development 
of a sufficient proportion of eggs to ensure the continuance of the 
species. In their general features these two examples are typical. 
There are always the two correlates (1) constancy of the situation 
in external nature, and (2) constancy of the physiological response, 
or behavior-sequence, which directly or indirectly effects the ad- 
justment. 

The perfection and ingenuity of many animal instincts is simply 
one of the essential conditions of their effectiveness; constancy in 
the external conditions is another ; if on the whole such behavior did 
not secure survival, the organism, and its instincts with it, would 
soon die out. Thus, from the most general point of view, a pur- 
posive instinct involving a complex series of actions must be re- 
garded as a species-conserving response to a certain constant, though 
temporally extended, natural situation; the sequence of events com- 
posing the latter may be long and complex, but if it is constant — 
so that when the earlier events occur the later are definitely pre- 
determined — the organism may take in the early part of the se- 
quence an action which puts it into advantageous relations with 
events or conditions appearing later. In such cases the organism 
may be said to have exhibited purpose. Conscious purpose is, how- 
ever, no more implied than in the production of winter-eggs by 
daphnids, or of hooks, flying organs and other means of distribution 
by seeds ; in the case of the daphnids the external or environmental 
correlative of the constant periodical formation of resistant eggs is 
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the constant recurrence of winter; in the case of the plant the cor- 
relative of bur-formation is the more or less frequent passage of fur- 
bearing animals through the wood; in that of flying organs like 
thistle-down, the constant presence of winds. In each of these in- 
stances the organic formative process precedes in time the appear- 
ance of the situation to which it furnishes adaptation. The feature 
common to all is a constancy in certain peculiarities of the external 
world; a correlative constant physiological process supplies definite 
corresponding means of adjustment or equilibration. We may say 
that there are always the two routines which show a fixed corre- 
spondence with each other, the one being the routine of external 
nature (e. g., the regular recurrence of cold seasons, etc.) ; the other 
a certain metabolic or formative routine in the organism, involving 
priately reacting nervous and muscular mechanisms in others. 
Where the processes resulting from these two routines come into in- 
teraction they compensate each other. Hence it follows that in all 
cases the normal outcome of the organic activity is species-conserv- 
ing, i. e., adaptive. 

It would seem that the characteristic human uncertainty about 
the future has made it difficult for men to realize the fundamental 
constancy of natural processes; and hence they have been perhaps 
unduly surprised at the complexity and detailed fitness of many in- 
stincts and habits involving future reference. Actually, however, 
the constancy of complex sequences in nature may be fully as great 
as that of simpler sequences like the succession of day or night or 
the recurrence of the seasons; and the fact that organisms show 
many special peculiarities of structure and behavior that as it were 
count on this constancy of sequence and condition in nature is from 
the above point of view not surprising. These physiological pecul- 
iarities are necessary to the stability of the organic equilibria. We 
must regard all cases of adaptation — whether depending on static 
peculiarities of form or structure or on special activities — as rep- 
resenting essentially, from the physicochemical point of view, equi- 
libria of greater or less complexity. Conceivably the relation of an 
organism to external nature might be represented by an equation, 
one side formulating the conditions in the organism, the other those 
in external nature. Both sides of such an equation might be equally 
complex, but this is not always necessary. What is essential is that 
the totals of the two opposed or reciprocal sets of activities should 
balance each other. In some cases the activities of the organism 
may be reduced to relatively simple terms, e. g., if the environment 
is uniform or the living system is well insulated from its surround- 
ings; we find this general condition in plants. On the other hand, 
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when environmental conditions are changeable and complex, and the 
organism also is complex, such simple static arrangements can not 
suffice to secure equilibrium. Only systems with highly developed 
powers of regulation are capable of continued existence under such 
conditions. In this manner we may account for the evolution of the 
physiological complexity which we find in higher organisms; the 
complex and constantly changing environmental conditions require 
in the organism a correspondingly complex and changeable appa- 
ratus of regulation and response, if adjustment is to be effected. 
Such a general condition, in which complex and varying situations 
in nature are met and compensated by correspondingly complex 
and variable series of organic activities, reaches its acme of develop- 
ment in the kind of behavior known as intelligent. 

The purely physiological distinction between intelligent actions 
(which are conscious, at least in their origination) and instinctive 
actions (which probably as a rule are carried out unconsciously 
like most other physiological processes) is difficult to define. In so 
far as intelligence consists in the proper classification of situations 
or occurrences — as a preliminary to acting in reference to them — it 
can not be regarded as essentially different from instinct. A situa- 
tion is recognized by an intelligent agent as one of a certain pre- 
viously experienced kind — or as a combination of such situations; 8 
a response or series of responses, appropriate to that kind of situa- 
tion, follows; in other words the constancy of the situation or of 
its elements is recognized, and it is met by correspondingly con- 
stant mode or modes of action. The complexity of the external 
situation thus reacted to may be very great ; in such a case we must 
assume a corresponding complexity in the physiological correlate, — 
i. e., in the structural and physicochemical conditions within the 
organism that underlie and determine the response. But there 
seems to be no need for assuming the operation of an inherently dif- 
ferent kind of agency. 9 

s The analytical activity of intelligence comes in here. This appears to be 
physiologically analogous to selective reflex response. Normally any organism 
reacts selectively — i. e., analytically — on its environment by means of the special 
sense-receptor termini of its reflex-apparatus. 

9 Many students of this problem lay stress on the changeable character of 
intelligent action, as contrasted with the stereotyped character of instincts. 
Intelligence is shown, e. g., when an animal learns to respond effectively to an 
unfamiliar situation, — as when it learns to thread a maze, at the other end 
of which is its food-supply. Memory or power of forming new "asso- 
ciations" — i. e., in the physiological sense, new kinds or combinations of neuro- 
muscular connection — is implied here. Hence associative memory has been re- 
garded as the objective criterion of intelligence by various authors. Memory is 
shown, objectively, in the modification of a reaction in a constant manner under 
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The part played by language in the intelligent actions of human 
beings is of course an enormous one. But language is known to be 
based on a recognition of the constancies or "universals" of expe- 
rience; its very existence presupposes that the static facts, occur- 
rences, modes and conditions of change, relations, etc., symbolized 
by words and word-sequences, have been repeated over and over 
again (sufficiently at least for their recurrent character to be 
realized), and will continue to be repeated. Hence it immensely 
facilitates the work of classification, i. e., of recognizing a situation 
as belonging to a definite kind. This last, however, is the essential 
criterion of intelligent action; language, as an instrument of bio- 
logical adaptation, is to be regarded as essentially a means to this 
end. Through its means experience is largely analyzed and classi- 
fied in advance ; the situation may be already clearly defined before 
it is met with ; hence it is easily recognized, and the appropriate 
response is at once indicated or set in operation. How important 
this is for effective adjustment is obvious. 

From this point of view words, and the concepts which they sym- 
bolize, represent or correspond to the various permanent physiolog- 
ical mechanisms (e. g., reflex arcs and their combinations) which 
underlie and make possible the special active adjustments appro- 
priate to the various situations in which the organism repeatedly 
finds itself. "When the situation is recognized as belonging to a cer- 
tain kind, for which an adjustment already exists in the organism, 
the problem of dealing with the situation is solved. The special 
physiological mechanism of adjustment required by the situation is 

repetition of the external situation. In the process of learning the "intelligent" 
animal modifies its reaction in the direction of securing better and better adjust- 
ment to the situation. We must note, however, that whether the physiological 
mechanism of adjustment is already perfect at birth — as in the web-spinning 
instinct of spiders — or whether it is perfected by degrees under the control of 
experience (trial and error, etc.), the end-result is the same, i. e., the establish- 
ment of a constantly effective physiological correlate to the constant environ- 
mental situation. Once the proper mode of reaction has been learned its physio- 
logical basis tends to persist (given proper use), and the reaction is employed 
whenever the corresponding external situation arises. Undoubtedly the ability 
to modify the reactions until they accord with — i. e., secure adjustment to — the 
outer situation is characteristic of intelligence; but the process of modification 
itself takes place in a constant manner (varying from species to species), and 
represents a special adaptive physiological property with a definite physico- 
chemical basis. Through its means the attainment of an effective correspondence 
between behavior and external situation is greatly facilitated. The end-relation, 
where constancy of response answers to constancy of situation, is more readily 
established. Intelligent action consists largely in tentative efforts to bring 
about this correspondence. Hence the behavior even of intelligent persons tends 
to become stereotyped as they become older and more familiar with their condi- 
tions of life. 
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readily activated or reinforced by the right word; this is a matter 
of common experience and needs no special emphasis. Hence to 
define a situation accurately by a word or sentence involves adjust- 
ing oneself to it. To a well-trained soldier the connection between 
the word of command and the action is inseparable. 

No such summary treatment can do justice to the problem in 
detail. But its biological aspects are fundamental, and are only 
beginning to receive proper consideration. Intelligent action is to be 
regarded as a mode of organic response, and its special physiological 
prerequisites must be determined by scientific investigation. Espe- 
cially is it necessary to single out those peculiarities which it possesses 
in common with other forms of response, both in animals and plants. 
Its affinities to instinctive behavior, and ultimately to selective reflex 
action, are to the physiologist unmistakable. Analysis, however, does 
not alter the total character of the thing analyzed; and the dignity 
of intelligence is not affronted by a recognition of its biological origin 
and affinities, while insight into its essential nature may be greatly 
increased. The intellectual apparatus of conceptual reasoning must 
be regarded as having a correlative physiological apparatus consist- 
ing of permanent organic predispositions or adjustments of various 
kinds; 10 these adjustments correspond to the various continually 
recurring situations which the organism must be prepared to meet 
in its normal life. There must be a physiological basis for logical 
processes. Even Aristotle recognized that in conscious reasoning 
there is a union of the "universal," or permanent category supplied 
by the mind, with the "particular" furnished by experience; the 
latter is thus definitely characterized or specified, i. e., becomes an 
object of knowledge; and if need be the appropriate action may then 
be taken in reference to it. The physiological interpretation of this 
law is evident from the foregoing; to the "universal" corresponds 
the permanent physiological mechanism of adjustment within the 
organism; it is the "particular" event or condition in nature which 
calls this mechanism into action and so brings the organism into 
effective— i. e., self-conserving — relations with its conditions of life. 
It is clear that an essential constancy in the conditions under which 
events take place, both within the organism and in external nature, 
is the main prerequisite to such interaction. But it is just such con- 
stancy which to the scientific observer is the most significant and 
wide-spread peculiarity of nature ; investigation discloses everywhere 
continual recurrence of the same elements, both of static condition 

J o As already pointed out (foot-note, p. 607), in intelligent organisms many 
of these adjustments are to be looked upon, not as already permanent or stereo- 
typed, but as in process of being made or perfected. This qualification, how- 
ever, does not alter the essential nature of the case. 
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and event; the living and the non-living are alike in this respect. 11 
Recurrence, however, implies permanence of condition; this pecul- 
iarity of the physical word points, therefore, to the permanent or 
essentially timeless character of the conditions underlying natural 
processes. To pursue those considerations in further detail would 
carry one beyond the limits of the present article. 

Ralph S. Lillib. 
Clark Univeksitt. 



CIRCUMVENTING DARWINISM 

THE theory of evolution is to-day so cherished among our col- 
lective possessions, so valued a treasure of the social mind, 
that it is almost impossible to realize the sense of outrage it once 
stirred. It controverted Biblical narrative, to be sure, and it com- 
mitted the grave offense of upsetting or threatening to upset a social 
classification, the absolute distinction between the human creature 
and the brute, but worse than all it was a doctrine of change, a doc- 
trine thrust on a century that was on its death-bed before it enter- 
tained the idea of transferring its interest from the permanent to 
the changing. 

The dying century took the idea of change into consideration, but 
it did not seriously make up its mind. Nor did it do more than take 
the idea, as we might say, into further consideration, for in earlier 
periods change had not been wholly disregarded. It had been 
regarded as purposive, as designed; conceded to be uncontrollable 
by man, it was hypothecated as controllable by God, the agent of 
man. The argument of design was the concession made to the 
change recognized as inevitable. 

Now the concept of the origin of species controverts the argu- 
ment of design. 1 Change proceeding by successful variations is not 
teleological. As long as this revolutionary position of Darwinism 
was clear, it was bound to be withstood by conservatives of all 
kinds. And withstood it was, violently and successfully, — until by 
a process of obfuscation it had been rendered acceptable. 

The obfuscation was brought about through suppression and dis- 
tortion. The implications of change in the origin of species were 
eliminated and the survival of the fittest variation was interpreted 

11 See my article on ' ' Vitalism versus Mechanism, ' ' in Science, N. S., Vol. 
40, 1914, page 840. 

i Cf . Dewey, John. ' ' The Influence of Darwinism on Philosophy, ' ' page 8. 
New York, 1910. 



